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EXECUTIVE SUMMARY 
 
Horizontal Directional Drilling (HDD) is defined as “A steerable system for the installation 
of pipes, conduits, and cables in a shallow arc using a surfaced launched drilling rig. 
Traditionally HDD is applied to large scale crossings such as rivers in which a fluid filled pilot 
hole is drilled without rotating the drill string, and this is then enlarged by a wash over pipe and 
back reamer to the size required by the product.” (Trenchless Data Service 2000). This 
technology has been in existence since the 1970’s. It is currently an efficient, safe, cost effective 
method for highway bores and is the current industry standard for trenchless technology for 
bores between 2 and 48-inch diameters and 600 ft to 1800 ft in length.  However, according to 
the manual for Accommodation of Utilities on Right-of-way of the Illinois State Highway System - 
1992, it is currently prohibited under state highways for bores over 6 inces. Bores of greater size 
must be done by the jack and bore method. The manual is being re-written and will include a 
provision for an HDD option, but it will not define the parameters under which approval can be 
granted.  
The objective is to study the effects of horizontal directional drilling (HDD) for utilities 
under pavement and within the right of way of the State of Illinois in order to aide in the writing 
of the policy and procedures for administering permit requests for HDD.  
This report covers Phase I of the work described under the scope of work section. 
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SCOPE OF WORK 
 
Horizontal Directional Drilling (HDD) is defined as “A steerable system for the installation 
of pipes, conduits, and cables in a shallow arc using a surfaced launched drilling rig. 
Traditionally HDD is applied to large scale crossings such as rivers in which a fluid filled pilot 
hole is drilled without rotating the drill string, and this is then enlarged by a wash over pipe and 
back reamer to the size required by the product.” (Trenchless Data Service 2000)  This 
technology has been in existence since the 1970’s. It is currently an efficient, safe, cost effective 
method for highway bores and is the current industry standard for trenchless technology for 
bores between 2 and 48-inch diameters and 600 ft to 1800 ft in length.  However, according to 
the manual for Accommodation of Utilities on Right-of-way of the Illinois State Highway System - 
1992, it is currently prohibited under state highways for bores over 6 inches. Bores of greater 
size must be done by the jack and bore method.  The manual is being re-written and will include 
a provision for an HDD option, but it will not define the parameters under which approval can be 
granted.  
The objective is to study the effects of horizontal directional drilling (HDD) for utilities 
under pavement and within the right of way of the State of Illinois in order aide in the writing of 
the policy and procedures for administering permit requests for HDD.  
Consideration should be given to the overall safety, aesthetic quality, costs and difficulty of 
construction and maintenance of both the utility facility and the highway.  
The economic savings is primarily for the utility. The Federal Highway Administration 
(FHWA) generally encourages the Illinois Department of Transportation (IDOT or Department) 
to consider cost savings for the utility as a cost savings for the taxpayer.  In some instances, if 
the purpose of the bore is for a reimbursable relocation, the department has a direct savings as 
well.  
HDD should provide less damage to the right of way, since it requires smaller bore pits 
or open trenches. It would allow the utility to be placed under trees, rivers, concrete drives, 
sidewalks, pavements and buildings as well as roadways.  
It should provide for improved safety of the traveling public as most of the work can be done off 
right of way, more quickly and with less manpower and equipment.   
It should improve maintenance since the HDD installed facilities are generally deeper, thus 
reducing the chances the lines will be hit by IDOT’s maintenance crews. Additionally, it should 
reduce the number of relocations for future roadway expansion, and should provide some 
additional protection from rupture. However, that is not always necessarily the case as many of 
the applicants want to go the minimum required depth required. 
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SUPPORTING RESEARCH 
 
There are numerous technical documents on the procedure of directional drilling. One of 
the most comprehensive is the study by Purdue University for the Civil Engineering Joint 
Transportation Research Program in 2002, “Development of a Decision Support System for 
Selection of Trenchless Technologies to Minimize Impact of Utility Construction on Roadways”. 
The main limitation of this study, however, is that it provides a general overview for the decision-
making among types of trenchless technology based on size and length of pipe. It does not 
specifically address any procedural parameters or potential dangers to roadways. 
Plan of Study: 
Phase I:  
1. Paper research to develop general information, comparison study to Jack and Bore 
method and recommendations on the following: 
a. Cost comparison of directional drilling compared to Jack and Bore.  
b. Horizontal and vertical location requirements and clearances. 
c. Industry codes and other government regulations or provisions. 
d. Preservation and restoration of highway facilities, appurtenances, natural 
features, vegetation and limitation on the utilities activities in right of way. 
e. Protection of traffic during and after installation including traffic control, 
access control, open pits, material storage and vehicle parking, timing of 
projects, length of time to construct.  
f. Direct and indirect environmental and economic effects including loss or 
impairment of productive agricultural and liabilities associated with future 
relocations.  
2. View a directional drill for a larger size pipe to get a feel for the process and evaluate 
for possible conflict of interest.  
3. Establish preparatory information to continue in Phase II: 
a. Recommendations on what should be studied. 
b. A listing of possible damage to roadway. 
c. A preliminary decision and the viability of the method and its possible 
restrictions. 
d. Procedures for the directional bore method to reduce damage to sidewalks 
and driving pavement. 
 
Phase II: 
HDD is done routinely on Illinois right of way for pipes and casings under 6 inches.  There are 
many places where IDOT has experimented with larger pipes and IDOT staff have observed 
many larger installations under rivers and non-state roadways. 
Mathematical, theoretical or actual physical testing of to resolve the following: 
 How much bigger the borehole should be than the pipe. Some industry papers 
recommend 1.5x the pipe diameter. There is a chart in another document that strays 
from this.  For jack and bore, the borehole diameter can only be 1 inch larger than that of 
the pipe being installed.  This can become problematic for very large bores and for bores 
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over very large distances.  The results of too small a hole include hydraulic build up and 
the “locking” of the pipe, Bentonite being pushed through the pavement and pavement 
buckling. 
 The angle of curvature allowed for various pipes or a mathematical ways of determining 
that. The “long sweeping arc” can be the deciding factor in the pressures exerted on the 
pavement and on the long-term viability of the pipe, yet there is very little advice as to 
how to properly evaluate the risks based on the arc. 
 Type of casing – steel welded, HDPE, PVC chemically welded, and Certa-Lok Yelomine. 
IDOT specifications say only that it must be continuous pipe, which is too vague. Is 
welded pipe continuous? Is chemically welded continuous?  
 Type of pipe – a list of approved pipes for casings and for carrier pipe would be helpful. 
 Wall thickness requirements of casing and of carrier pipe . 
 Size of pipes to be encased:  Currently our spec reads any bore over 6 inches must be 
encased. There is a discrepancy between districts if 6 inches refers to a hole diameter or 
a pipe diameter greater than 6 inches. A restriction to a 6-inch hole would mean only 4-
inch and smaller pipe would be allowed.  
 Location and soil conditions: In one instance where the staff viewed a large HDD, the 
soil conditions were problematic because of sand lenses causing back reamer “drop”.  
The driller compensated for that by keeping pressure on the reamer from both directions.  
 Procedure: some procedural thing might affect the road. Contractors drill through, attach 
the casing to the reamer head and pull back the casing  or they pull back a reamer, and 
then pull a casing. In between, there is a period of time that leaves a void under the 
pavement. They are not allowed to leave the void for longer the 24 hours but this length 
of time is a concern. In cases where large pipes are used, the contractor may use 
multiple back reams to reach the correct diameter rather than a single, full-size ream. 
How much should each ream be allowed to increase the diameter of the hole? 
 Speed: The speed of the drilling is very important. While IDOT will not govern how fast to 
go, it should be noted that if the Bentonite waste is getting higher and pushing through 
the surface, the problem might be speed. Slowing down might remedy the situation and 
that would be good to know. 
 Use of Bentonite: How much?  How fast? What issues arise with spilled waste? Should 
we always require a Benonite?  
 If it is necessary to pull back to avoid utilities what should be done about the pull back 
void?  
 Should a survey be conducted in the area before and after all bores?  The day of the 
bore? The day following? If there is a difference then should another survey be done on 
the location one week later? 
 Qualifications of the contractor 
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CHAPTER 1  INTRODUCTION TO HDD 
 Horizontal directional drilling (HDD) is a common practice for installing utilities and 
pipelines under roads or railroad tracks. It is an ideal technology because it does not require 
large excavation pits nor does it greatly interfere with traffic. When drilling the initial borehole, 
the drill can be easily tracked and its path altered unlike other trenchless technologies such as 
jack and bore. HDD is also versatile as it can be used for large diameter pipelines and pipelines 
spanning a large distance.  
 
1.1 THE HISTORY OF HDD 
  Martin Cherrington first conceived horizontal directional drilling in the 1960’s. He first 
realized the value of underground drilling when he and another contractor were given the same 
job: lay down telephone lines in Los Angeles. The only difference was that Cherrington was 
using an open trench method while the other contractor was using drilling to lay down cables. 
That contractor arrived two weeks after Cherrington yet managed to finish two weeks before 
him. This led Cherrington to believe there was merit in looking at underground drilling methods.  
 In 1964 Cherrington founded Titan Contractors, which specialized in utility road boring. It 
was an opportune time for the company’s formation because of a building boom in Sacramento 
and a recent “beautification” decree from the First Lady, Lady Bird Johnson. The decree was 
instated to clean up America by getting rid of utility lines which were an eyesore and hazardous 
during seismic and extreme weather events. As a solution, Sacramento proposed placing all 
utilities underground. Despite a favorable environment and HDD’s merits, however, other, more 
familiar, tunneling technologies like jack and bore and auger boring were usually preferred.  
 One of the main problems was the lack of control when drilling. It was often very difficult 
to make a straight bore, and the drill bit would resurface in unexpected places (like the middle of 
the road). Cherrington realized a solution when an engineer from P G& E invited him to consider 
a project for placing a gas line underneath the Pajaro River. The project would require drilling 
underneath the river, and the variability of the drill bit’s direction would make it challenging. To 
find a solution, Cherrington experimented with angled bores on a similar river, trying several 
different angles. He observed that the steeper the angle of the bore, the greater the achieved 
distance. This relationship between angle and distance helped prove that with “optimum entry 
angle, proper drilling techniques and the right downhole tool assembly” (Cherrington) HDD 
could be used to cross a river. Since then, familiarity with HDD has increased, and it has 
become a much more routine method for projects requiring a non-evasive boring solution.  
 
1.2 THE PROCESS 
 The process of horizontal directional drilling begins with a topographic survey of 
subsurface conditions. This helps identify the locations of underlying utilities and the soil 
conditions at the site. The survey also helps determine a drill path and its entry and exit and 
trajectory.  
 Once a thorough survey is a complete the HDD site can be set up. A typical HDD site is 
shown in Figure 2.  The site consists of the drill rig, a solids control system and a drilling mud 
system. The solids control system is responsible for any soil excavated in the drilling process, 
which can potentially be placed back in the bore once drilling is finished. The drilling mud 
system is an important aspect of any horizontal drilling project.  Drilling mud helps wash away 
cuttings from the bore and eases the movement of the cutting head through the borehole.  
Bentonite is the clay mineral montmorillonite, which increases greatly in surface area 
when water mixed with water. It is a component of the overall drilling fluid. When drilling a 
borehole, drilling fluid tends to seep out through the soil walls. Bentonite forms a casing on the 
borehole walls, which prevents the drilling fluid from seeping out. This wall is commonly called a 
 “filter cak
carrying 
transfer c
again str
R
Figure 1 
cutter rea
      (a) bl
 
A
redirect i
determin
entrance
directiona
(Cherring
attached 
steering 
 A
establish
pilot hole
entry pit 
 T
casing in
receiving
as shown
location o
T
and pulle
help pus
installed,
and the s
e”. The idea
capacity or “
uttings.  Th
esses the im
eamers can
shows three
mers.   
ade reamer
 big advanta
t throughout
e the Azimu
 point and a
l program o
ton et al). T
to a non-ma
tool allows f
fter the drilli
ed, the drilli
, which is sm
to the receiv
he next pha
stallation. M
 pit may be 
 in Figure 5
f the bore, 
he final pha
d through th
h the casing
 it is connec
ite is return
l filter cake 
gel strength
e ideal drillin
portance of
 vary in size
 reamers th
        (b) ba
Figure 
ge of HDD 
 the bore. B
th bearing to
 transit is us
n a comput
his process
gnetic colla
or any nece
ng fluid is m
ng can begi
aller than t
ing pit. 
se is reamin
ore than on
made as we
. During this
as shown in
se is pipe pu
e HDD bore
 and the pip
ted to the ut
ed to its pre
forms fast, 
.”  Gel stren
g fluid is hig
 a thorough
 and shape 
at are comm
rrel "beaver
1. Reamer c
is the ability
efore any dr
 be followe
ed to determ
er to enhanc
 is illustrated
r as close to
ssary chang
ixed, the dri
n. There are
he reamer d
g, which en
e reamer siz
ll. This phas
 process, a
 Figure 6.  
llback, whe
hole by the
e through th
ility source 
-installation 
2 
is slick and i
gth is the a
hly depend
 field survey
depending 
only used: 
 tail" reamer
onfiguration
 to monitor t
illing occurs
d during the
ine the hea
e the accur
 in Figure 3
 the drill bit
es to the bo
ll bit attache
 three phas
iameter. Th
larges the h
e may be u
e can empl
n Azimuth b
re the pipe o
 drilling mac
e borehole.
(water main
condition. 
s tough. Dri
bility of the f
ent on the g
 before any
on the geolo
blade reame
    
     (c) fly cu
s used in H
he moveme
, a foresigh
 crossing. T
ding.  The i
acy of the s
. During the
 as possible
re path. 
d, and the f
es in an HD
e pilot hole
ole and pre
sed. Multipl
oy either for
earing is us
r pipe casin
hine. Some
 After the pi
, electricity e
lling fluid mu
luid to susp
eology of th
 work actua
gy it will be
rs, barrel re
tter reamer 
DD 
nt of the rea
t bearing is 
he steering 
nformation 
ensor meas
 bore, the s
, as shown 
oresight bea
D bore. The
creates a pa
pares it for t
e passes fro
ward reams
ed to keep t
g is attache
times a bac
pe or pipe c
tc.) All pits 
st also hav
end, suppor
e area. This
lly begins. 
 used on.  
amers, and
mer and 
taken to 
tool is laid a
is placed in
urements. 
teering tool 
in Figure 4. 
ring 
 first phase 
th from the
he pipe or 
m entry pit
 or pull ream
rack of the 
d to the rea
khoe is used
asing is 
are backfille
e a 
t and 
 
 fly 
 
t the 
a 
is 
The 
is a 
 
to 
s, 
mer 
 to 
d 
 Figure 2. Typi
Figure 3. F
cal HDD lay
oresight bea
3 
out, entry si
ring setup 
de (Cherring
(Cherrington
ton et al). 
 et al). 
 
 
 Figure 4. Bottom hole assembly ste
4 
ering tool c
 
onfiguration (Cherrington et al). 
 
  
 
F
Figure 
igure 5. Thre
6. Tracking 
 
e phases o
device to de
5 
f HDD drillin
tect location
g. (Cherring
 of reamer w
 
ton et al) 
 
ithin the bore. 
 1.3  CO
 
T
ramming
tool and 
pneumat
section is
This proc
used to r
Ja
large dia
the need
initial set
path can 
large driv
T
times due
vertical a
different 
with satu
erosion.  
T
These ris
condition
adjustme
 
MPARISO
he other com
”. In jack an
a pipe sectio
ic tool and it
 driven, a s
ess continu
emove the s
ck and bore
meter pipes
 for large dr
up. The drill
be adjusted
e and exit p
he pros of H
 to lack of v
lignment sh
topographie
rated soils, 
he cons of H
ks include t
s. Varying g
nts to the ty
N TO OTHE
mon trench
d bore, a dri
n are place
 is used to d
econd pipe 
es until the 
oil inside th
 is used for
. Jack and b
iving and ex
 path must b
 during the 
its, which m
DD, when c
ertical shaft
ifts, its abilit
s or geologi
soils below 
DD are ess
he heave or
eologic con
pe of bits an
Figure 7. En
R TRENCH
less techno
ve pit (Figur
d in the into
rive or ham
section is we
full length of
e pipe.  
 pipe length
ores is usua
it pits. Most 
e carefully 
drilling proce
akes the pr
ompared to
s, long drive
y to move a
c conditions
permafrost, 
entially the 
 soil collaps
ditions can 
d reamers 
trance shaf
6 
LESS TECH
logy is a pro
e 7) and ex
 the drive pi
mer the pipe
lded onto t
 pipe is inst
s up to 250 
lly closer to
of the jack a
planned to a
ss. HDD al
ocess less i
 other trenc
 installation
round buried
. HDD can b
and even in
same risks 
e and increa
be a major p
being used f
t for a jack a
NOLOGIE
cess called
it pit are exc
t. The ramm
 section int
he first and 
alled. An au
feet (76 m) 
 the ground
nd bore pro
void critical
so does not
nvasive.  
hless techno
 lengths, po
 obstacles 
e used in u
 soils susce
posed by an
sed cost w
roblem due
or installatio
nd bore op
S 
 “jack and b
avated and
ing tool is c
o the soil. A
driven into t
ger or vacu
and is typica
 surface tha
cess is con
 mistakes. F
 require the 
logies, inclu
ssible horiz
and its versa
nderwater e
ptible to lan
y trenchless
ith difficult g
 to the nece
n. 
 
eration.  
ore” or “pip
 a pneumati
onnected to
fter the first 
he soil as w
um excavato
lly used for
n HDD due 
trolled by its
or HDD, the
excavation 
de short se
ontal and 
tility with 
nvironment
dslides and 
 technology
eologic 
ssary 
e 
c 
 the 
pipe 
ell. 
r is 
 
to 
 
 drill 
of 
tup 
s 
. 
 CHAPT
Ther
drilling.  A
surface d
monitore
to preven
 
 
 F
drilling. M
lines, the
policies, 
A
to the su
the annu
dense. T
negative 
W
slightly o
should ha
increased
encounte
diameter
ER 2  FA
e are sever
 common c
ue to the bo
d to determi
t problems 
or drilling pr
ost states r
 groundwate
however, do
ccording to 
rface from th
lus.  Loosen
his will actua
effect and c
hen pulling
versized to f
ve a diame
 to 25% if t
red during d
s versus no
CTORS
al factors to 
oncern surr
ring. In HDD
ne if alterati
from arising
ojects, it is m
equire this s
r table, and
 not conside
Trenchless 
e annulus a
ed soils hav
lly help dec
ollapse, wh
the conduit 
acilitate eas
ter that is 1
he soil is ex
rilling. Allou
minal pipe d
 CONCE
consider wh
ounding HD
 projects, g
ons should 
 in the first p
Figure 8. U
andatory to
urvey be in
 the soil con
r soil condi
Technology
re soil mas
e the poten
rease settle
ich will incre
through the
y installatio
.5 times the 
pected to sw
che and Ar
iameter in T
7 
RNING H
en looking 
D is settlem
round move
be made to 
lace.   
pheaval from
 get a comp
cluded in the
ditions the 
tions when m
, three facto
s loosening,
tial to dilate
ment. The l
ase settlem
 borehole, it
n. The gene
diameter of 
ell or if bou
iaratnam giv
able 1. 
DD  
at the effect
ent or uphe
ment on th
the drill path
 HDD. 
lete geolog
 drill report
drill will likel
aking spec
rs that affec
 soil strengt
, increase in
oosening of
ent.  
 is importan
ral rule of th
the pipe be
lders or cob
e examples
s of horizon
aval (Figure
e surface is 
, as it is mo
ic survey of
 to note any
y encounter
ifications fo
t the volume
h, and the d
 volume and
 soils could 
t that the bo
umb is that
ing installed
bles are exp
 of possible
tal directiona
 8) at the gr
carefully 
re economi
 
 the area pr
 existing util
. Most state
r drilling. 
 of soil brou
rilling fluid le
 become le
also have a
rehole be 
 the back re
. This shoul
ected to be
 back ream 
l 
ound 
cal 
ior to 
ity 
 
ght 
ft in 
ss 
 
am 
d be 
 
  A
settleme
and sand
as functio
more dis
informati
also be n
shown in
 study was c
nt in trenchle
s.  Figure 9
ns of latera
placement t
on is signific
oted that th
 Figure 10. 
Figure
Tabl
onducted a
ss drilling. 
 is from the 
l distance fr
han sand; in
ant when ta
e displacem
 9. from To
e 1. Allouch
t the Univer
One focus w
study and il
om the bore
 fact, almos
king into ac
ent decreas
wards the D
8 
e and Ariara
sity of Alber
as the effec
lustrates the
 path.  The 
t 3 times mo
count all ge
es as the di
evelopment
tnam, 2000
ta on the fac
ts of soil typ
 vertical dis
graph illustr
re at close 
ological asp
stance from
 of HDD cov
 
tors affectin
e, more spe
placements 
ates that cla
range to the
ects of the d
 the bore pa
er guideline
 
g soil 
cifically cla
of clay and 
y experienc
 bore path. 
rill site.  It c
th increase
 
s. 
ys 
sand 
es 
 This 
an 
s, as 
 T
hole, rea
settleme
diameter
different 
most disp
in clay th
 
T
As 
depth of 
other inte
fluids and
Figure
he study in A
m and pipes
nt because o
, the greater
pipe diamet
lacement o
an in sand. 
able 2. from
a recap, wh
excavation, 
gral factors
 different ty
 10. from To
lberta also
. The pilot h
f the soil di
 the depth o
ers at differe
ccurs when 
 
 Towards th
en looking a
the pilot, the
 that will be 
pes of ream
wards the D
 took into ac
ole and the
sturbance c
f the boreho
nt locations
using a larg
e Developm
t the factors
 ream diam
discussed in
ers.  
9 
evelopmen
count the im
 reaming pro
aused by the
le. Table 2
 lateral from
er diameter
ent of HDD
 of settleme
eter, the pip
 more deta
t of HDD co
portance o
cess are re
 drilling pro
shows the a
 the bore pa
 pipe. Also, 
 Cover Guid
nt one mus
e diameter
il in the follo
ver guidelin
f the diamet
sponsible fo
cess; the gr
mount of di
th. The tab
there is mor
elines (Leu
t consider: t
and the drill
wing section
 
es. 
ers of the pi
r upheaval 
eater the re
splacement
le shows the
e displacem
ke 2005). 
 
he soil type
ing fluid. Tw
s are drillin
lot 
and 
am 
 from 
 
ent 
, the 
o 
g 
10 
 
2.1 DRILLING FLUIDS 
 
Drilling fluids are an important aspect of a drilling operation because they control the 
stability of the hole during and after drilling. Drilling fluids are typically composed of water, 
bentonite, soda ash and, in some soils, chemical additives. When specifying the drilling fluid to 
use, it is important to look at the geological settings and the properties of the water and other 
fluids being used. 
Geological properties determine what is used in the overall drilling fluid. When drilling 
fluid is used in coarse-grained soils, like sands and gravels, its main purpose is to provide 
stability to that bore and carry away cuttings. Drilling fluid serves the same purpose in fine-
grained soils like clays with one additional task; the drilling fluid must also prevent swelling. At 
this point, the drilling fluid must not only be composed of bentonite but other chemical additives.  
 For sandy soils, water is usually mixed with bentonite to create drilling mud. Clayey soils 
are more of a concern because they react strongly to water, which makes up more than 90% of 
drilling fluid. The clay problem can be approached in two ways. One can either prevent the clay 
from interacting with water or alter the properties of clay to lessen the effects of water.  
For coarse or sandy soils one needs to control water loss and prevent the sloughing of 
material at the walls. This can be accomplished by using a water/filtrate control additive like 
poly-anionic-cellulose (PACs). The PAC binds with the bentonite to seal the wall cake and 
lessen the loss of water. Completely sealing off any interaction between the water and soil can 
become expensive, so it is usually a better option to treat the clay. Some common ways to treat 
the clay are to coat it to prevent it from sticking to steel drill, prevent it from swelling, or 
flocculate it so that it flows out of the borehole. 
In the article Drilling Through the Clay, Randy Strickland lists general categories of 
additives used to treat clay: 
1.) Surfactants (drilling detergents) 
-involve coating the surface of clay particles when clay is cut by drill bit.  
2.) Polymers  
-partially hydrolyzed poly acrylimite (PHPA). 
-prevent clay from swelling (also known as inhibition). 
-can be used with drilling detergents. 
3.) Flocculants 
-bind clay particles together in a flowable liquid slurry. 
-solve problem of removing the clay from the hole without it getting reattached to the 
sides of the borehole.  
4.) Thinners 
-dispersants or de-flocculants. 
-neutralize charges on clay particles and reduce viscosity.  
Any of these common additives can be found at many suppliers. Strickland also emphasizes the 
continued use of bentonite with these additives. Additives do not have “gel strength”, i.e. the 
ability to keep particles in suspension. This is important when cuttings need to be suspended to 
allow for washing out the borehole. The amount of bentonite required to allow for suspension is 
small, 10-15 lbs per 100 gallons of water. In general, for drilling fluid one will need 4 to 5 times 
the soil volume that is to be cut.  
Fluids are necessary for washing out cuttings, lubricating the bore, allowing flow and 
cooling down the drill. As such, special attention must be given to their selection. Water makes 
up the biggest percentage of the drilling fluid mixture, so it makes sense that the properties of 
water will have a big impact on how the drilling fluid behaves. An important property to note is 
the pH of the water. This can be done easily using ordinary pH strips. The pH of the water 
controls amount of soda ash (sodium carbonate) necessary to increase the pH to the desired 
level. The typical goal is a pH between 8.5 and 9.5. Other properties to check include the 
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2.2  REAMER TYPES  
 
Reamers are responsible for enlarging the bore after the pilot hole and for installing the 
new casing or pipe in the hole. Like other aspects of HDD, the type of reamer will depend on the 
site geology. For reamers, one can place ground conditions into three categories: good, bad, 
and rock. Good soil consists of consistent sand, packed clays, sandy loam, clay loam or a 
combination of these. Bad soil consists of loosed, more variable soils, possibly containing 
cobbles.  
 
2.2.1 Blade Reamer 
For good soils one can use a blade reamer, which are ideal for mixing drilling fluid with 
cuttings from the hole. Blade reamers can have diameters between 4 and 24 inches (102-610 
mm). When diameters over 12 to 14 inches are needed, a ring of 2 to 4 inches is placed over 
the widest part to stabilize the reamer. The delta reamer is a type of blade reamer used for soils 
that are more compact than what an average blade reamer can handle. These soils include dry, 
hard soil, some sandstones, and hard clays.  
 
2.2.2 Fly Cutter Reamer 
Fly cutter reamers can be used in especially dense soil. This includes sandstone, siltstone 
and other soft rock formations. The fly cutter reamer looks similar to a wagon wheel and is 
made like a blade reamer without 80-90% of its front. Fly cutters only use the rear portion, which 
has a band of 6 to 8 inches over the widest diameter. The spokes of the fly cutter can have 
nozzles to control the pressure and volume of the fluid as it goes through the hole.  
 
2.2.3 Barrel Reamer 
One type of reamer that can be used for varying soil conditions is a barrel reamer. A 
barrel reamer has a solid, round body and a tapered nose with cutting teeth. The cutting teeth of 
the barrel reamer make a slightly larger bore than the body of the reamer, which allows fluid to 
flow through. The pressing of fluid and cuttings against the wall helps keep the borehole walls 
together and helps develop a wall cake, allowing for easier movement of the reamer.  
Fluted reamers are a type of barrel reamer and are shaped so the cutters can cut the 
same bore as the body. This also works in most ground conditions. A combination of the fly 
cutter and barrel reamer can be used for mid-sized to large rig operations for large diameter 
crossings.  
The spiral reamer can be used in loose ground conditions, stony ground or places where 
soil is mixed in with various rock sizes. The reamer looks like a large screw with a bell attached 
to the back.  
 
2.2.4 Hole-Opener 
For rock, most contractors used a rock hole-opener. It is made of several cones and its 
effectiveness the torque and rotary speed as well as the type of rock. Interestingly enough, hole-
openers will not work in clays and sands because it relies on the resistance of the drill head.  
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CHAPTER 4  STATE REGULATIONS 
State regulations for HDD exist in some states but need further clarification. Most states 
leave decisions like depth, pipe diameter, pilot-hole diameter or ream diameter to the engineer 
or contractor. This study gathered information on regulations from the several states; this 
information is summarized in the sections below.  
 
4.1 ARIZONA 
The preferred trenchless technology is jack and bore, but it does provide depth of 
coverage that can be applied to either HDD or jack and bore. (Policy for Accommodating 
Utilities on Highway Rights of Way, 2009). The depth is dependent on whether there is a conduit 
present for the utility cable.  
 For direct burial of cable, minimum cover should be 48 inches. 
 For cable within a conduit or duct, the minimum cover should be 36 inches. 
 
4.2 ARKANSAS 
Arkansas focuses most of its regulation on the depth of cover for different pipelines.  
There is also an emphasis on the extension of the different pipelines but other important factors 
like angle of the bore and pipe diameters are left very general and rely more on the opinion of 
the contractor.  
Table 4 from the Utility Accomodation Policy, 2009, shows that the depth of pipeline 
depends on the type of utility carried in the pipeline. Table 4 also distinguishes between depth 
from the top of the highway and the depth from the ditch.  
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Table 5 gives more specific data on the allowed extension past embankments and 
ditches. 
Table 4. Depth of coverage for different pipelines, Arkansas DOT 
Type of Pipeline Depth of Coverage 
gas and liquid petroleum  (casing) 36" below ditches,  42" below the top of the highway 
subgrade 
gas and liquid petroleum  (no 
casing) 
48" below the ditches or below the highway 
waterlines (casing) 36" below ditches,  42" below the top of the highway 
subgrade.  
sanitary sewer lines 36" below ditches,  42" below the top of the highway 
subgrade.  
underground electric lines 36" below ditches,  42" below the top of the highway 
subgrade.  
underground communication lines 36" below ditches,  42" below the top of the highway 
subgrade.  
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Table 5. Extension for different pipelines, Arkansas DOT 
Type of Pipeline Extension 
gas and liquid petroleum  
(casing) 
extends a minimum of 6' beyond the toe of slope of 
embankment  
 sections and a minimum of 6' beyond the bottom of 
 existing ditches or back of curb in curbed sections. 
gas and liquid petroleum  (no 
casing) 
same as with casing 
waterlines (casing) extends a minimum of 6' beyond the toe of slope of 
embankment  
 sections and a minimum of 6' beyond the bottom of 
 existing ditches or back of turn in curbed sections. 
sanitary sewer lines extends a minimum of 6' beyond the toe of slope of 
embankment  
 sections and a minimum of 6' beyond the bottom of 
 existing ditches or back of turn in curbed sections. 
underground electric lines extends a minimum of 6' beyond the toe of slope of 
embankment  
 sections and a minimum of 6' beyond the bottom of 
 existing ditches or back of turn in curbed sections. 
underground communication 
lines 
extends a minimum of 6' beyond the toe of slope of 
embankment  
 sections and a minimum of 6' beyond the bottom of 
 existing ditches or back of turn in curbed sections. 
   
 Angle of crossing should be as normal to the highway as practical. 
 Only dry bores are allowed (wet bores involve the use of jetted water to make bores). 
 Cutter head is sized closely to the pipe diameter with an overbore that is less than 5% 
more than pipe diameter. 
 Water pressure should be no more than 10 psi. 
 
4.3 NEW YORK 
The New York manual, Requirements for the Design and Construction of Underground 
Utility Installations Within the State Highway Right-Of-Way, 1997, provides very general 
information about HDD. Specific regulations include only deviation tolerances of the drill bit and 
the distance from the surface and are addressed in Table 6. The deviation tolerances are similar 
to many states, but the distance of the bore from the surface is slightly greater than what is 
usually allowed (between 2-3 feet). 
 
Table 6. Deviation Tolerances and Distance from Surface, New York DOT 
Deviation Tolerances from Original Drill 
Path 
Distance from Surface 
"+/- 1%" of the bore length more than 60" or 5'  
 
4.4 CALIFORNIA 
In California’s Guidelines and Specifications for Trenchless Technology Projects, 2008, 
the only specific requirement addressed was a minimum depth of cover depending on the pipe 
or product diameter as shown in Table 7. It makes sense that as pipe diameter increases, so 
17 
 
does the depth of cover, as greater surface disturbance can result from larger bores. Other 
decisions such as bore radius and drill bit used are left to the judgment of the contractor.  
 
Table 7. Caltrans Encroachment Permits Guidelines and Specifications for Trenchless 
Technology Projects 
Pipe or Product Diameter Minimum Depth of Cover 
Under 150 mm 1.2 m 
200 to 350 mm 1.8 m 
375 - 625 mm 3. 0 m 
650 - 1200 mm 
1.6 m 
 
4.5 IOWA 
Iowa’s Requirements for the Design and Construction of Underground Utility Installations 
Within the State Highwat Right-Of-Way, 1997, provides guideleines for deviation tolerances and 
depth of cover for utilities. In Table 8, deviation tolerances are different for horizontal and 
vertical directions. It is more essential to avoid vertical deviation because it could cause 
problems with settlement or upheaval. The depth of cover for utilities will vary depending on the 
type of utility being buried (Table 9). 
 
Table 8. Deviation Tolerances, Iowa DOT 
Horizontally Vertically 
"+/-1" ft for per 100 ft "+/- 0.5" up to 100 ft 
After 100 ft, you are allowed an extra 
"+/-.1 ft" 
 
 
Table 9. Depth of Cover for Utilities 
Type of Utility Depth of Cover
electric 48" 
communications 30" 
Other 36" 
4.6 KANSAS 
Kansas has detailed pipe requirements depending on the kind of product being 
transported.  Table 10 shows that the depth of cover varies for when the pipe is below the crown 
grade and when it is below the ditch grade. KDOT also has specifications on the hole diameter 
in relation to the pipe diameter (KDOT Utility Accomodation Policy, 2007). 
 
Table 10. Minimum Depths of Cover 
under ditches/ roadways  depth 
below crown grade 5' 
below ditch grade  3' 
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Table 11. Diameter of Bore in Relation to Pipe 
diameter of pipe max hole diameter 
12" or less 1.5" more than diameter of pipe 
greater than 12" 2" more than diameter of pipe 
 
4.7 MARYLAND 
Maryland’s guidelines come from a source other than its department of transportation. The 
guidelines come from the Washington Suburban Sanitary Commission (WSSC) which uses 
HDD in the installation of its water mains. The WSSC has general rules, but pays special 
attention to the relation between pipe diameter and boring distance, as shown in Table 13. Its 
chosen deviation tolerances (Table 12) are similar to values chosen by other states.  
 The angle of the entry hole should not exceed allowable bending radius of the HDPE 
pipe. 
 Be able to make a turn up to 90 degrees. 
 
Table 12. Deviation Tolerances, Maryland DOT 
horizontally  Vertically 
"+/- 1" ft  "+/- 0.5 "ft 
 
Table 13. Iron Pipe Sizes to Boring Distance, Maryland DOT 
Iron Pipe Size (inches) Boring Distance (feet) 
1.25 400 
1.5 400 
2 350 
2.5 350 
3 300 
4 250 
 
4.8 FLORIDA 
Florida’s utility guide, Utility Specification- Quality Control, 2004, specifically prefers HDD 
for installations. This makes Florida’s guide especially useful. The policy points our that 
displacement can be reduced by adjusting the ratio of the borehole to the pipe diameter. 
19 
 
Table 14 shows suggested borehole diameters relative to the size of the pipe being 
inserted.  
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Table 14. Utility Accommodation Policy, 2009 
Nominal Inside Pipe Diameter (inches) Bit Diameter (inches) 
2 4 
3 6 
4 8 
6 10 
8 12 
10 14 
12 and greater  Maximum Product OD + 
6 
 
Florida’s utility guide also gives specifications on the depth of the pipe installation based on 
what is above the pipe (paved or unpaved ground) and requires a minimum pH for the drilling 
fluid. 
 Below the top of pavement, 36 inches minimum. 
 Below existing unpaved ground, 30 inches minimum. 
 For installation of the pipe, the drilling fluid advised is bentonite clay or a stabilizing fluid 
mixed with a potable water of a minimum pH of 6. 
Equipment specifications are shown in Figure 15. Pipe size and borehole diameter 
determine what equipment is used. Unsurprisingly, a larger drill rig, with greater torque, 
thrust, and pullback force is used for larger pipe installations. 
 
 
Table 15. Utility Accommodation Policy, 2009 
System 
Description 
Pipe Diameter (inches) Bore Length 
(feet) 
Torque (ft/lbs) Thrust/ Pullback 
(lbs) 
     
Maxi- HDD 18 and greater >1000 >10,000 >70,000 
Midi- HDD Up to 16 up to 1000 1,900 to 9000 20,001 to 69,999 
Mini- HDD Up to 16 Up to 600 Up to 1,899 Up to 20,000 
 
Thrust/pullback requirements are shown in Table 16.  Thrust/Pullback Capacity increases with 
increased pullback distance. These guidelines are used to prevent excess downhole pressure. 
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CHAPTER 6  CONCLUSIONS AND FUTURE RESEARCH 
 
Horizontal Directional Drilling can be a beneficial technology when executed properly. 
HDD provides a non-invasive method to install pipelines beneath roads and waterways. HDD 
also allows for alteration of paths mid-bore which is a useful characteristic in situations like the 
failure at Newton.  
 
To execute HDD properly and prevent damage from occurring one must consider the 
following factors: 
 Pipe diameter 
 Ream diameter 
 Pull-back force 
 Angle of bore 
 Depth of cover 
 Allowable deviation from drill path 
 Drilling fluid 
 Type of cutting head 
 
Typical trends for some factors are: 
 A ream diameter that is 1.5 to 2 times the diameter of the pipe. 
 An allowable deviation of +/- 1% of bore length. 
 An angle of bore between 8 and 20 degrees.  
 Radius of Curvature 1,200 the diameter of the pipe being installed. 
 Standard depth of coverage of 36”-48” for a pipe without casing.  
 Standard depth of coverage of 30”-36” for a pipe with casing.  
 A distance of 15 ft from any obstacles. 
 
Other recommendations can be taken from specific state regulations: 
 Table 11- Nominal Inside Pipe Diameter and Recommended Bit Diameter (Florida DOT) 
 Table 12- Allowable Torque and Thrust/Pullback Dependent on System (Florida DOT) 
 
To determine what should be used for any of these variables, the overall controlling 
factor is the geology in which the driller is boring. Subsurface conditions control the method of 
drilling, the type of cutting head is used, the drilling fluid needed, the depth of cover and the 
pullback force. Knowledge of what is underground also pertains to knowledge of existing 
utilities, which can then be avoided. This paper introduces two successful HDD projects and one 
failure. The main cause of failure was a lack of knowledge about what was underground. 
Secondary to geologic conditions, is the size of the conduit being placed underground. Size can 
affect how much settlement should be expected and controls the size of cutting head and the 
type of drilling fluid needed.  Adjusting drilling methods to the needs of both the geology and the 
type of conduit will likely lead to a successful horizontal directional drilling project. 
The availability of HDD guidlines from other states in addition to the document experience in 
Illinois can provide sufficient basis for development of HDD guidelines for IDOT. This would be 
the next step in this endeavor. 
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